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Stiffness and Harmonic Response of 2-UPR-SPR Parallel Mechanism

LI Jun-shuai, MA Chun-sheng, LI Rui-qin, CAO Lei
(North University of China, Taiyuan 030051, China)

ABSTRACT: The work aims to analyze the stiffness and harmonic response of package parallel mechanism of
2-UPR-SPR which has three degrees of freedom including two turns and one move, thus researching the stiffness and an-
ti-vibration performance of the mechanism, with respect to the special application requirement of high working precision
in the process of automatic packaging. The 3D entity model was established by SolidWorks and then imported into
software Ansys Workbench for analysis. The displacement deformation cloud of the mechanism under three different
postures on the action of external force was obtained. Through the modal analysis, the natural frequencies from first order
to sixth order of 130.39, 133.42, 218.35, 760.36, 768.07, 776.96 Hz and the vibration mode of each order frequency of the
2-UPR-SPR parallel mechanism were obtained. On the basis of modal analysis, the displacement response curve of
platform along x, y, z directions was deprived by harmonic response analysis. The weak position of mechanism
stiffness can be seen, and the rule of the change of stiffness with the position is obtained. The anti-vibration performance
of the parallel mechanism is proved by harmonic response analysis, and the sensitive frequency that the mechanism should
avoid is got. It lays the foundation for further dynamic design and optimization of the package parallel mechanism.
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Fig.4 The deformation cloud image of the mechanism
in the extreme position

F1 FECETEHMAE
Tab.1 The deformation and stiffness under
different positions

R by A EKE/mm KR R /ME/(N-mm ™)

% Hw P[] pe¥il] P[] J=¥ il
e % 02526 395.88
.y 02256 05311 44326  188.28
e 0.4321 231.42
g ¢ 03230 309.56
oy 01642 07357 608.94 13592
B 06486 155.08
X 0.4464 224.04
ﬂf% y 00767 09913 13049  100.87
% 01 121.94

T 5237 T B2 e 1L 6 52 0 A [ B 8
BT I | T SRR A 35 0 o LAY
£3 STE

3.1 iEmmA AR

T B 2 A R OC IR, S0 R 43T (1 B A 5
FE RN

[M1{X}+[CHX}+[K]{X} = (F} (1)

A (M), [C), [K15: 50 B R . BELJE S
FeWIBERERE s (X}, (X}, (X} 235040 st L 1]
R R LR R {F LT A

52 30 U8 B T RAAS T, 405 1 T A 4 A A
MR R S f TAEAERRSE , 45717 A AR 3 T
DAARTE, PG, 5l ik h -

(X} = {X,, " )™ (2)

s Xoox WOBIRME; 1 HBEG w RIS
(rad/s); t NEHE; ¢ MRS A (rad); &™) e MR
RS 2 H R IAIE

¢ =cos ¢p+ising (3)

e = cos(wt)+isin(wt) (4)

X (2) /JER:

(X} = (X} +i{X, ) e (5)

Kb X MBI, X, =X,
BB, X,=X,. sing.

FEE, SRt kR,

{F}y = {{F}+i{F,}}e™ (6)

K. Fy WIS, F =F, cos¢; F, NI
W, F,=F, sing; Fuu NIIEE; ¢ N I1THI (rad).

B (4), L (5) MRARIRK (1), HE™, 8
LIRS I VISR W

(K- W [M]+iWCI(X, +1{X,}) = {F}+i{F} (7)

X BRI & IR MR AR B A BRI /N | W PR | B
JEBN, TRl R RIBR | T RRCRERE, Pk
PEMLAS A A TR o s PR 28 ik SR ik o) 412
HCn A, GRS (X} i) A AS AL AR s h

{X}= Zwu (8)

A Wb%%?‘&ﬂ@é, Vi NFESS | TSR A
DAsbR . TERISARTR T BS54 8l 15 B R

Vo 2wy +wly, = F (9)

K w S i TEA R &R P BFRE LE;
FoRS i B AR R 7.

E={$} {F,} (10)

[RVRE F T2 oy S AP A A 1, BES AR AR T F
B ARy, 53R R -

F =F.e" (11)

cos @5 Xy KL



- 176 + fu, % TR

2017 4% 5 H

v =" (12)

A Foo BE i BYBIS I E IR vie NS i BB
A bR PRI -

=k (10) A=l (110) FRARIS (8) f, wIsk
R iR N

F,
yic = 2 2 > ( 13 )
w—w +i2ww.s)

3.2 ®WEHH

1 TR B AR S X548 B RE S M A , RS 1Y
AR /N, BT LR 1 2 6 Bk araett L,
TR E R, Fixed Support 2 3 & ME—F 5K
R A, LAY 2 Aor bk 20 o AR ATLAL S PR )17 100 1
PR e T e, SRIGMOCHLE A ffRsh . Eid
WS4 HT, FI45H 2-RPU-SPR JEEEHLAY 1 2] 6 Y4
HERIMAK 130.39, 133.42, 218.35, 760.36, 768.07, 776.96
Hz, 1 %] 6 #RAILE 5.

AR B /mm
195.54
173.81
152.09
130.36
108.63
86.907
65.18
43.453
21.727
0.00 70.00 mm 0.00 70.00 mm
35.00 35.00
a SR b S2B 4R
AT B/ AT
28025 B fimm
) o
186.83  248.64
1557 2072
12456 165.76
93417 124.32
62278 82.881
31139 41441
0
0.00 70.00 mm 0.00 80.00 mm
35.00 40.00
c 3[R d S4B PR
S, AT B/
Eﬁ’ﬁé‘;‘m 041
301.53 ™ 286.59
26384 25076
226115 21494
18846 179.12
150.77 14329
113.08 107.47
75383 647
37.692 5.824
0.00 80.00 mm 0.00 80.00 mm
| S|
40.00 40.00
e F5H R B 6 HRAY

Es  FFEALE 1—6 MR
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parallel mechanism
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